Comment
Several hydrogen-bonded complexes composed of 2-chloro-4-nitrobenzoic acid and amines were studied by Habeeb et al. using 35 Cl NQR and IR techniques (Kalenik et al., 1989; Habeeb & Awad, 1995; Awad & Habeeb, 1996) . They reported that the hydrogen bonds formed between the benzoic acid and the amines vary from an OÐHÁ Á ÁN to an OÁ Á ÁHÐN type with increasing proton af®nities (PA) of the amines and that the critical (inversion) point at 50% proton transfer exists in the complex of 3,5-dimethylpyridine. However, there is not yet any crystallographic evidence supporting these ®ndings. Moreover, the shapes of the proton donor and acceptor molecules may be as important as the PA in determining the proton transfer. This prompted us to carry out studies on the structure of chloro-and nitro-substituted benzoic acid±amine complexes. In addition to the OÐHÁ Á ÁN/OÁ Á ÁHÐN hydrogen bond, other weak intermolecular interactions, such as CÐ HÁ Á ÁO and CÐHÁ Á ÁCl interactions, may be expected in these complexes, because the nitro group and the Cl atom of these benzoic acids can act as a weak hydrogen-bond acceptor (Robinson et al., 2000; Desiraju & Steiner, 1999) . It is of relevance, therefore, in the context of crystal engineering and supramolecular architecture to investigate the role of the weak hydrogen-bond acceptors in the crystal packing of the title complexes. In the present study, we took pyrazine as an amine having a quite small PA value and prepared the 2-chloro-4-nitrobenzoic acid±pyrazine (2/1) and 2-chloro-5-nitrobenzoic acid±pyrazine (2/1) complexes; their crystal structures were determined at room temperature. To our knowledge, this is the ®rst crystallographic report of 2-chloro-4-nitrobenzoic acid±amine and 2-chloro-5-nitrobenzoic acid± amine systems; no structural data of compounds composed of 2-chloro-4-nitrobenzoic acid and 2-chloro-5-nitrobenzoic acid, except 2-chloro-5-nitrobenzoic acid itself, are recorded in the Cambridge Structural Database (Version 5.20, October 2000; Allen & Kennard, 1993) .
The pyrazine molecule in both the 2-chloro-4-nitrobenzoic acid±pyrazine (2/1) complex, (I), and the 2-chloro-5-nitrobenzoic acid±pyrazine (2/1) complex, (II), occupies a center of symmetry, and the asymmetric units of (I) and (II) are composed of C 7 H 4 ClNO 4 Á0.5C 4 H 4 N 2 . In both crystals, the two components are held together by a short OÐHÁ Á ÁN hydrogen bond (Tables 2 and 4 ), forming the 2C 7 H 4 ClNO 4 ÁC 4 H 4 N 2 unit (Figs. 1 and 2). No acid±base interaction involving a proton transfer is observed as expected from the small PA value of pyrazine. The OÁ Á ÁN distances are long compared with the shortest expected OÁ Á ÁN distance of ca 2.45 A Ê (Jerzykiewicz et al., 1998), which may be realised in the vicinity of the critical point.
In (I), the dihedral angle between the nitro group and the benzene ring is 18.97 (13) and that between the carboxyl group and the benzene ring is 32. 77 (12) . The dihedral angle between the planes of the pyrazine and benzene rings is 19.56 (12) . On the other hand, in (II), all the atoms are located almost on a plane; the benzene ring makes small angles of 3.19 (13), 9.17 (13) and 5.56 (13) with the nitro Acta Crystallographica Section C
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Figure 1 ORTEP-3 (Farrugia, 1997) drawing of (I) showing the atomic labelling. Displacement ellipsoids of non-H atoms are drawn at the 50% probability level and H atoms are drawn as circles of arbitrary size. Hydrogen bonds are indicated by dashed lines.
group, the carboxyl group and the pyrazine ring, respectively. To compare these geometries with those of the isolated molecules in the gas phase, we carried out ab initio molecular orbital calculations at the HF/6±31G** level of theory by using the computer program GAUSSIAN98 (Frisch et al., 1998) . The optimized geometries were con®rmed to correspond to a potential energy minimum from vibrational analysis. The calculated dihedral angles of the nitro and carboxyl groups with the benzene ring are 0.3 and 30.1 , respectively, for 2-chloro-4-nitrobenzoic acid, and 0.5 and 20.0 for 2-chloro-5-nitrobenzoic acid. We also obtained¯at structures for both benzoic acids, which were found not as a stable form but at a saddle point of ®rst order. The angles of the nitro group in (I) and the carboxyl group in (II) are much larger and smaller, respectively, compared with calculated values, the former and the latter of which may be interpreted as arising from intermolecular CÐHÁ Á ÁO interactions involving the nitro groups and aromatic %±% stacking interactions, respectively, as mentioned below.
In (I), an intermolecular CÐHÁ Á ÁO interaction (Table 2) is observed between the benzene ring and the nitro group, forming a centrosymmetric ring with graph-set descriptor R 2 2 (10) (Bernstein et al., 1995) . The interaction connects the units of 2C 7 H 4 ClNO 4 ÁC 4 H 4 N 2 to build a zigzag chain running along the [101] direction. The chains are linked by a CÐ HÁ Á ÁO hydrogen bond formed between the benzene ring and the carboxyl group and a CÐHÁ Á ÁO interaction between the pyrazine ring and the nitro group (Table 2) , generating a three-dimensional hydrogen-bond network (Fig. 3) .
In (II), a CÐHÁ Á ÁO interaction ( (Fig. 4) , in which the benzoic acids related by an inversion center are stacked through %±% interactions with an interplanar spacing of 3.397 (5) A Ê and a centroid offset of 2.57 A Ê .
Experimental
Prismatic crystals of (I) and (II) were obtained by slow evaporation from benzene solutions of pyrazine with 2-chloro-4-nitrobenzoic acid or 2-chloro-5-nitrobenzoic acid (molar ratio 2:1), respectively, at room temperature.
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Hiroyuki Ishida et al. ORTEP-3 (Farrugia, 1997) drawing of a molecular ribbon of (II) showing the atomic labelling and hydrogen-bonding scheme. Displacement ellipsoids of non-H atoms are drawn at the 50% probability level and H atoms are drawn as circles of arbitrary size. Hydrogen bonds are indicated by dashed lines (symmetry codes are as in Table 4 ).
Figure 3
Part of the crystal structure of (I) showing the three-dimensional hydrogen-bond network formed via NÐHÁ Á ÁO and CÐHÁ Á ÁO hydrogen bonds, indicated by dashed lines (symmetry codes are as in Table 2 ). All H-atom parameters re®ned
Compound (II)
Crystal data H atoms were found in a difference Fourier map and re®ned isotropically. Re®ned distances: CÐH = 0.90 (2)±0.99 (2) A Ê and OÐH = 0.84 (3) A Ê for (I), and CÐH = 0.95 (2)±1.00 (3) A Ê and OÐH = 1.00 (3) A Ê for (II).
For both compounds, data collection: MSC/AFC Diffractometer Control Software (Molecular Structure Corporation, 1990); cell re®nement: MSC/AFC Diffractometer Control Software; data reduction: TEXSAN for Windows (Molecular Structure Corporation, 1997±1999); program(s) used to solve structure: SIR92 (Altomare et al., 1993) for compound (I) and SAPI90 (Fan, 1990) for compound (II); program(s) used to re®ne structure: TEXSAN for Windows; software used to prepare material for publication: TEXSAN for Windows.
X-ray measurements were made at the Okayama University X-ray Laboratory, Japan.
Supplementary data for this paper are available from the IUCr electronic archives (Reference: BK1601). Services for accessing these data are described at the back of the journal. Hydrogen-bonding geometry (A Ê , ) for (I). 
Table 4
Hydrogen-bonding geometry (A Ê , ) for (II). Special details Experimental. The scan width was (1.31 + 0.30tanθ)° with an ω scan speed of 6° per minute (up to 3 scans to achieve I/σ(I) > 10). Stationary background counts were recorded at each end of the scan, and the scan time:background time ratio was 2:1. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

Special details
Experimental. The scan width was (1.52 + 0.30tanθ)° with an ω scan speed of 6° per minute (up to 3 scans to achieve I/σ(I) > 10). Stationary background counts were recorded at each end of the scan, and the scan time:background time ratio was 2:1. 
